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The lifting body/ linear aerospike is one of three configurations being studied 
for an SSTO vehicle. A preliminary aerodynamic database existed for then current 
lifting body configuration, however, this data base was developed without 
considering plume effects. A combined effort by the Computational Fluid Dynamics 
and Experimental Fluids Dynamics Branches was undertaken to determine first 
order effects of plume/external flow interactions on vehicle aerodynamics of this 
lifting body/linear aerospike configuration. Of interest were plume 
pumping/entrainment at low Mach numbers and plume induced separation of flow 
over the vehicle at higher altitudes. The CFD analysis included combinations of 
four Mach numbers, two angles of attack and four throttle settings. The majority of 
the CFD was two dimensional centerline analysis of the lifting body/aerospike. 
Incremental plume effects were derived by comparing the power-on, power-off, and 
throttled cases and were extrapolated to the preliminary aerodynamic database. 

The plume had little effect on the vehicle aerodynamics for supersonic 
freestream velocities. At subsonic freestream velocities, the plume affected the 
vehicle aerodynamics through both jet pumping/entrainment and the jet flap effect. 
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vehicle (a la, Saturn, Shuttle) 


CONFIGURATION K-10 
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» minor effect seen 
6 degree a power-on vs. power-off 

» significant plume effects through plume entrainment and jet flap effect 
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Mach Nunber 
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K10 2D Centerline Pressure Coefficients 
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Mach NuMber 

Mach D.6 Freest rean, 12Kft 
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K10 2D Centerline Pressure Coefficient 
Mach 0.6 Alpha=0 degrees 

power-off vs. power-on 
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K10 2D Centerline Pressure Coefficient 
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6 degree a power-on vs. power-on-throttled 

» Deflected plume effects lift differently on forward and aft part of vehicle 
through jet flap effect. 


K10 2D Centerline Pressure Coefficients 
Mach 0.6 Alpha=0 degrees Mach 0.6 Alpha=6 degrees 

P-On vs. P-On-Throttled (70%/1 30% RPL Upper/Lower Thrusters) P-On vs. P-On-Throttled (70%/130% RPL Upper/Lower Thrusters) 




dQ 


954 





Mach 0.6 Alpha=0 degrees Aft End Mach 0.6 Alpha=6 degrees Aft End 

P-On vs. P-On-Throttled (70%/1 30% RPL Upper/Lower Thrusters) P-On vs. P-On-Throttled (70%/1 30% RPL Upper/Lower Thrusters) 

0.00 | 1 1— i 1 i 1 1 1 1 r— i 1 1 i " ■■i — i — - r - i i — i 0.00 | 1 i 1 1 - - 1 1 - 1 > i i i i i i i i 1 1 1 1 









<- ® 

(0 o 


5 g 
it: i 

Ml ^ 


CD 

~ CO 

S-.| 

2 E 

® <S 

< 5, 

CD O 

<D *- 

C Q 

Zi< 

T3 O 

o -f 

CQ (D 
0 )> 
.£ c 
^ o 

_J CO 

< 4 —* 

*=; ° 
O 0 

■£ *= 

gllJ 

E ® 

“I 

m 0- 
CO 

< 


H— C 

D>® 
c p 

1 1 
co k 


c o> 
a> co 

Eg 
£ « 

c • 
i *o 


954 


Plume effects on LB pressure distribution (5) Mach 0.6, angle-of-attack=0 deg 
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DTC - differential throttle control; upper/lower @ 1 30%/70%; Pon = 1 00%/1 00% 
dCp = difference in pressure coefficient (power on - power off) 




Plume effects on LB normal force coeff. @ alpha»0 



Sref=5600 sq ft; Lref-1 450.0 in.; mom. ref. @ 72%. 







Plume effects on LB pressure distribution @ Mach 0.6, angle-of-attack=6 deg 



959 


DTC - differential throttle control; upper/lower @ 130%/70%; Pon = 1 00%/1 00% 
dCp = difference in pressure coefficient (power on - power off) 




Plume effects on LB normal force coeff (M=K).6) 



angle-of-attack (deg) 

Sref-5600 sq ft; Lref-1 450.0 in.; mom. ref. @> 72%. 









Plume effects on LB aero normal force derivative (slope) 



Sref=5600 sq ft; Lref= 1450.0 in.; mom. ref. @ 72%. 
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effect on the forward part of vehicle than in 2D analysis. 

A methodology has been developed to generate first order plume 
effect increments for a power-off aerodynamic database using 2D 
centerline CFD analysis. 


